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(54) OPTICAL WAVEGUIDE TEMPERATURE SENSOR 

(57)Abstract: 

PURPOSE* To obtain a sensor having simple 
structure by employing an optical waveguide for 
sensing which can propagate a plurality of 
modes and providing a coherent light source for 
exciting a plurality of modes, first and second 
optical coupling means, etc. 

CONSTITUTION: Light emitted from a 
coherent light source 1 passes through a lens 2 
and enters into an optical waveguide 3 for 
sensing. A plurality of modes are excited in the 
waveguide 3 and propagated through the 
waveguide. When the temperature of the 
waveguide 3 varies, the refractive index or the 
length thereof is varied to cause variation in the 
near field pattern of light leaving the 
waveguide 3. The output light from the 
waveguide 3 is coupled with an optical detector 
array 5 through a lens 4 and converted into an 
electric signal which is fed to a neural network. 
A work 6 determines the temperature firom the 
output intensity distribution of the optical waveguide according to internal parameters 
preset by learning. 
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CLAIMS 



[Claim(s)] 

[Claim l] An optical waveguide temperature sensor characterized by providing the 
following. Optical waveguide for sensing from which mode distribution of light which 
guides waves according to temperature changes A source of coherent Ught which can 
excite two or more modes in said optical waveguide for sensing The first optical 
coupling means which combines output hght fi'om said source of coherent light with 
said optical waveguide for sensing A temperature conversion means to change into a 
temperature change mode distribution of light outputted from said optical waveguide 
for sensing based on relation of mode distribution of light and temperature which 
change with temperature of said optical waveguide for sensing learned beforehand, and 
the second optical coupling means which combines output light from said optical 
waveguide for sensing with said temperature conversion means 

[Claim 2] An optical waveguide temperature sensor according to claim 1 characterized 
by using an optical fiber as said first optical coupling means. 

[Claim 3] As said first and second optical coupUng means, output light from said source 
of coherent Ught is combinable with said optical waveguide for sensing. And an optical 
directional coupler which separates output light firom said optical waveguide for 



sensing with output light from said source of coherent light, and can be combined with 
said temperature conversion means is used. An optical waveguide temperature sensor 
according to claim 1 characterized by forming a reflective film in one end face .of said 
optical waveguide for sensing for guided wave light. 

[Claim 4] An optical waveguide temperature sensor according to claim 1 characterized 
by establishing a reflective means to use an optical circulator which can combine 
output light from said source of coherent light with said optical waveguide for sensing, 
and can combine output light from said optical waveguide for sensing with said 
temperature conversion means as said first and second optical coupling means, and to 
reflect guided wave light by one end face of said optical waveguide for sensing. 
[Claim 5] An optical waveguide temperature sensor according to claim 1 characterized 
by using a bundle fiber which can spread optical reinforcement in each location of said 
optical waveguide for sensing for said temperature conversion means corresponding to 
this as said second optical coupling means. 

[Claim 6] Said temperature conversion means is an optical waveguide temperatiire 
sensor according to claim 1 characterized by consisting of neural networks who process 
with an electrical signal by making into the input section a photodetection array which 
changes a lightwave signal into an electrical signal, and said detection array. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the temperature sensor using optical 

waveguide. 

[0002] 

(Description of the Prior Art! As this conventional kind of technology, the waveguide 
form temperature sensor shown in drawing 9 is known ("Integrated optical 
temperature sensor", Appl.Phys.Lett., 41 and 15, pp 134- 136 (1982)). The coherent 
input light 101 inputted into optical waveguide 102 as shown in this drawing branches 
in optical waveguide 102 four, and advances the Mach TSUENDA form wavegmdes A, 
B, and C and the waveguide REF for monitors respectively. Here, it sets to waveguide 
102 and is deltaLA about the optical path length difference of the Mach TSUENDA 
form waveguide A. When it carries out, the optical-path-length difference of the Mach 
TSUENDA form waveguide B is deltaLA+lambda/4Neff, It is designed so that the 
optical-path-length difference of the Mach TSUENDA form waveguide C may be set to 
deltaLA/ 5. 

[0003] At this time, the output light reinforcement and the proportionality constant b of 



the Mach TSUENDA form waveguides A, B, and C are expressed with a degree type. 
[Equation l] 



Here, lambda is wavelength and T is temperature and Neff. The effective refractive 
index of the core of waveguide, Pinl, Pin2, and Pin3 It is the input light reinforcement 
of the Mach TSUENDA form waveguides A, B, and C, deltaphiO, and deltaphil, 
respectively. It is a constant. The temperatxire dependence of the output reinforcement 
of the Mach TSUENDA form waveguides A, B, and C is shown in drawing 10 . Here, 
change of the optical reinforcement to a temperature change, i.e., the inclination of a 
graph, expresses the sensitivity of a sensor. Moreover, in one period, although the 
output light reinforcement of optical waveguide changes periodically to temperature, 
since temperature and optical reinforcement support 1 to 1, they can search for 
temperature immediately from optical reinforcement. This is called djnaamic range of a 
sensor. Since the output of the Mach TSUENDA form waveguides A and B has the 
phase contrast of 90 degrees mutually, the sensitivity of the Mach TSUENDA form 
waveguide B is the highest in the place where the sensitivity of the Mach TSUENDA 
form waveguide A becomes the minimum. Thus, by using two Mach-Zehnder 
interferometers, the portion of each other to which sensitivity falls is compensated. On 
the other hand, since the period of change of optical reinforcement [ as opposed to 
temperature compared with the Mach TSUENDA form waveguide A ] is 5 times later 
[ the Mach TSUENDA form waveguide C ], compared with the case where the optical 
output of the Mach TSUENDA form waveguide A is used, the dynamic range has also 
increased 5 times by using the optical output of the Mach TSUENDA form waveguide C, 
Furthermore, the monitor of the optical reinforcement of the waveguide REF for 
monitors was carried out, change of input light reinforcement was supervised, and a 
change on the strength is amended. 
[0004] 



[Probleiii(s) to be Solved by the Invention] In the conventional optical waveguide 
temperature sensor, a dynamic range is expandable, maintaining high sensitivity by 
using three Mach TSUENDAform waveguides A, B, and C, as mentioned above. 
[0005] However, in the former, since the large thing of a dynamic range was moreover 
constituted from high sensitivity, there was a trouble that structure was complicated 
and creation needed to use difficult sensing optical waveguide. 

[0006] This invention is made in view of the above-mentioned conventional technology, 
and creation is easy and it aims at offering an optical waveguide temperature sensor 
using the easy optical waveguide of structure. 
[0007] 

[Means for Solving the Problem] Optical waveguide for sensing from which mode 
distribution of Ught which a configuration of this invention which attains this purpose 
guides according to temperature changes, A source of coherent light which can excite 
two or more modes in optical waveguide for sensing, The first optical coupling means 
which combines output light from a source of coherent hght with optical waveguide for 
sensing, A temperature conversion means to change into a temperature change mode 
distribution of light outputted from optical waveguide for sensing based on relation of 
mode distribution of light and temperature which change with temperature of optical 
waveguide for sensing learned beforehand, It is characterized by having the second 
optical coupling means which combines output light from optical waveguide for sensing 
with a temperature conversion means. 

. [0008] Here, a bundle fiber can be used as an optical fiber and second optical coupling 
means as first optical couphng means, respectively. 

[0009] Moreover, output light from a source of coherent light is combinable with optical 
waveguide for sensing as first and second optical coupling means. And output light 
from an optical directional coupler which separates output light from optical waveguide 
for sensing with output light from a source of coherent light, and can be combined with 
a temperature conversion means, or a source of coherent hght is combinable with 
optical waveguide for sensing. And an optical circulator which can combine output light 
from optical waveguide for sensing with a temperature conversion means is used, and 
you may make it establish a reflective means to reflect guided wave light by one end 
face of optical waveguide for sensing. 

[0010] As for especially a temperature conversion means, it is desirable to consist of a 
photodetection array which changes a lightwave signal into an electrical signal, and a 
neural network who processes with an electrical signal by making a detection array 
into the input section. 



[OOll] Thus, using optical waveguide for sensing which can spread two or more modes, 
this invention inputs coherent hght so that a speckle pattern may arise in the optical 
waveguide, receives output hght of optical waveguide by photodetector array, inputs it 
into temperature conversion means, such as a neural network, and searches for 
temperature by this neural network's etc. processing. Optical waveguide is the usual 
optical waveguide which two or more modes spread, and it is possible to make it very 
easy structure without an optical tee. 
[0012] 

[Example] Drawing 1 shows the 1st example of this invention. This example uses a 
neural network. That is, the optical waveguide temperature sensor of this example 
consists of the optical waveguide 3 for sensing which the length or refractive index 
changes with the source 1 of coherent light, the lens 2 for combining the output light 
from the source 1 of coherent light with the optical waveguide 3 for sensing, and 
change of temperature, and can spread two or more modes to coincidence, a lens 4, a 
photodetector array 5, and a neural network 6 that processes with an electrical signal. 
[0013] The light by which outgoing radiation was carried out is inputted into the 
optical waveguide 3 for sensing through a lens 2 from the source. 1 of. coherent light. 
Two or more modes are excited by the optical waveguide 3 for sensing, and the inside of 
waveguide is spread. If the temperature of the optical waveguide 3 for sensing changes 
at this time, the refractive index or length of waveguide wiU change and the near field 
pattern of the hght which carries out outgoing radiation from the optical waveguide 3 
for sensing in connection with this will change. 

[0014] Drawing 2 • drawing 4 show the count result about the relation between the 
output reinforcement of the optical waveguide 3 for sensing, and temperature. As 
shown in this drawing, it turns out that the output intensity distribution (near field 
pattern) of the optical waveguide 3 for sensing change with temperature. This is for 
receiving the phase change from which each mode which the refractive index of optical 
waveguide and length change, and the many modes spread, and spreads waveguide 
with temperature differs in an outgoing end. In addition, as that from which each mode 
is excited by homogeneity in waveguide in drawing 2 - drawing 4 , although the output 
intensity distribution over a temperature change were searched for analytically, it is 
difficult for the reinforcement in the mode excited by the angle and beam diameter of 
the light which carries out incidence to the optical waveguide 3 for sensing in fact to 
differ, and to ask for them analytically. However, change of the outgoing radiation 
pattern to a temperature change exists too also in this case. Therefore, if the relation 
between temperature as shown to the neural network 6 who has a learning function at 



drawing 2 - drawing 4 , and output intensity distribution is made to learn beforehand, 
it will become possible from output intensity distribution to detect temperature, 
[0015] However, in drawing 2 - drawing 4 , the material of the optical waveguide 3 for 
sensing is quartz glass, and they are a length of 10cm, and core width of face of 51 
micrometers. 7 micrometers in thickness It shall consider as delta= 0.2% and the even 
symmetric mode to the 0-30th order shall be excited by homogeneity. Moreover, the 
refractive index of glass and the rate of change to the temperature of length are 
10-5/degree C and 10-7/degree C, respectively, and its contribution of a refractive index 
is large. Then, change of a refractive index was considered to be change of length 
equivalent, and was analyzed. 

[0016] The output light from the optical wavegviide 3 for sensing is combined with the 
photodetector array 5 with a lens 4. The photodetectoir array 5 changes a lightwave 
signal into an electrical signal, and inputs ttis into a neural network 6. A neural 
network 6 processes with an electrical signal, and discriminates temperature from the 
output intensity distribution of optical waveguide according to the internal parameter 
beforehand set up by study. A neural network 6 can set up freely the relation between 
the input signal to a neural network 6, and the output signal from a neural network by 
setting up an internal parameter appropriately as known well. Moreover, the neural 
network 6 is possible also for making an output signal not change to a slight change of 
an input signal, and can also change an output signal to reverse sensitively to an input 
signal so that a function like association or recognition may see. 

[0017] Furthermore, by illustrating the combination of some I/O signals to a neural 
network 6, an internal parameter is changed automatically and it can have desired 
input/output relation so that a learning function may see. Therefore, distortion and a 
defect exist in a waveguide configuration, and if temperature and the relation of an 
outgoing radiation pattern are made to learn even if an outgoing radiation light 
pattern does not become as predicted, it can ask for change of the temperature of the 
measuring object from the intensity distribution of a photodetector. 

[0018] Here, as a method of making a neural network 6 learning beforehand the output 
intensity distribution from the optical waveguide which changes intricately to 
temperature, especially a limit can also be performed as follows, for example, although 
there is nothing. First, give an exact temperature to the optical waveguide 3 for 
sensing, and it is made to learn so that a neural network's 6 appropriate neurone may 
ignite. It actually measures after that. At this time The condition of ignition of neurone 
For example, so that the method of searching for temperature by what neurone having 
ignited most greatly, and a, first exact temperature may be given to the optical 



waveguide 3 for sensing and the output value corresponding to temperature may be 
outputted For example, it is made to learn so that an output value 10 may be outputted 
at the time of ten temperature and an output value 20 may be outputted at the time of 
20 temperature, and actually measures after that, and how to read temperature in an 
output value etc. can be considered. 

[0019] Thus, in this example, the highly precise optical waveguide 3 for sensing is not 
required, but there is an advantage which can process the output light of optical 
waveguide at the direct neural neck work 6. Although the wavelength of the light 
source to be used needed to be restricted or the optical mask needed to be used for the 
output of an optical fiber since interference in only a basic mode (LPOl mode) and the 
primary mode (LP02 mode) was used in the case of the sensor which used the 
interference in this kind of multimode fiber conventionally, that necessity was lost in 
this invention. Therefore, using the multi-mode optical waveguide which it is easy and 
is easy to create, it is highly precise and the large temperature sensor of a dynamic 
range can consist of this inventions. 

[0020] Drawing 5 shows the 2nd example of this invention. In this example, an optical 
fiber 7 and a lens 8 are interposed between a lens 2 and the optical waveguide 3 for 
sensing, and the fxmdamental actuation is completely the same as the 1st example. 
That is, after the output light of the source 1 of coherent hght passes along a lens 2, an 
optical fiber 7, and a lens 8, it is inputted into the sensing optical waveguide 3. Output 
intensity distribution change with temperature changes in the optical waveguide 3 for 
sensing. The output light of the optical waveguide 3 for sensing is combined with the 
photodetector array 5 with a lens 4. In the photodetector array 5, a lightwave signal is 
changed into an electrical signal and inputted into a neural network 6. In a neural 
network 6, temperature is searched for from the output intensity distribution of the 
photodetector array 5. In said 1st example, since the light source and the sensing 
section are close, there is a possibility that the light source may be influenced of the 
temperature change in the sensing section. On the other hand, in this example, since 
the optical fiber 7 has separated the light source section and the sensor section, there is 
no possibility that the light source may receive the effect of a temperature change, and 
it makes it possible to perform more stable sensing. 

[0021] Drawing 6 shows the 3rd example of this invention. In this example, a 
directional coupler 9 is interposed between the optical waveguide 3 for sensing, and a 
neural network 6, and the reflective film 10 is formed in one end face of the optical 
waveguide 3 for sensing. That is, after the output light of the soxirce 1 of coherent light 
passes along a lens 2, an optical directional coupler 9, and a lens 4, it is inputted into 



the optical waveguide 3 for sensing. The light inputted into the optical waveguide 3 for 
sensing is spread as it is, and it is reflected by the reflective film 10 with which the 
outgoing radiation edge was equipped, and it is spread to hard flow. The output light 
from the optical waveguide 3 for sensing passes along a lens 4 and an optical 
directional coupler 9, and is led to the photodetector array 5. The signal by which 
optical-electrical-and-electric-equipment conversion was carried out by the 
photodetector array 5 is inputted into a nemal network 6. In a neural network 6, 
temperature is searched for based on the intensity distribution of the photodetector 
array 5. In this example, since the signal light for measurement goes and comes back to 
optical waveguide, the variation of a phase doubles compared with the configuration of 
said 1st and 2nd example. For this reason, sensitivity can be made into said twice 
example. 

[0022] Drawing 7 shows the 4th example of this example. An optical circulator 11 is 
used in this example. Here, an optical circulator 11 shall have four ports 11- 1, 11-2, 
11-3, and 11-4, the light inputted into the port 11 1 shall be outputted to a port 11-2, 
and the light inputted into the port 11-2 shall be outputted to a port 11-3. Therefore, 
the output light of the source 1 of coherent light is inputted into the optical waveguide 
3 for optical sensing after passing a lens 2, the port 11-1 of an optical circulator, 11-2, 
and a lens 4. The light inputted into the optical waveguide 3 for sensing is spread as it 
is, and it is reflected by the reflective film 10 with which the outgoing radiation edge 
was equipped, and it is spread to hard flow. After the output hght firbm the optical 
waveguide 3 for sensing passes along a lens 4, the port 11-2 of an optical circulator, and 
11-3, it is led to the photodetector array 5. The signal by which 
optical-electrical-and-electric-equipment conversion was carried out by the 
photodetector array 5 is inputted into a neural network 6. In a neural network 6, 
temperature is searched for based on the intensity distribution of the photodetector 
array 5. In this example, since the signal light for measurement goes and comes back to 
the optical waveguide 3 for sensing, the variation of a phase doubles compared with the 
configuration of said 1st and 2nd example. For this reason, sensitivity can be made into 
said twice example. 

[0023] Drawing 8 shows the 5th example of this invention. This example uses the 
bundle fiber 12 which makes the outgoing end of the optical waveguide 3 for sensing 
correspond to the photodetection array 5. Therefore, after the output light of the source 
1 of coherent light passes along a lens 2, an optical fiber 7, and a lens 8, it is inputted 
into the optical waveguide 3 for sensing. Output intensity distribution change with 
temperature changes in the optical waveguide 3 for sensing. After the output light of 



the optical waveguide 3 for sensing passes the bundle fiber 12, it is combined with the 
photodetector array 5 with a lens 4. In the photodetector array 5, a lightwave signal is 
changed into an electrical signal and inputted into a neural network 6. In a neural 
network 6, temperature is searched for from the output intensity distribution of the 
photodetector array 5. In this example, it is possible by using an optical fiber 7 and the 
bundle fiber 12 to separate the temperature sensing section, the light source section, 
and the signal-processing section. For this reason, the temperature sensing section is 
made to become independent completely, and it becomes possible to perform the remote 
sensing of temperature. 
[0024] 

[Effect of the Invention] As mentioned above, as concretely explained based on the 
example, according to this invention, change of the output intensity distribution 
produced fi'om the phase contrast of each propagating mode using change of the 
refractive index of the optical waveguide by temperature and length can be received by 
the photodetector array, using the optical waveguide which can spread two or more 
modes as a sensing portion, it can input into a neural network etc., and temperature 
can be measured. Although structxire was complicated since branching form single 
mode waveguide was used, according to this invention, a temperature sensor can 
consist of conventional sensors using the easy optical waveguide of structure. 
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